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NOTES ON THE MORPHOLOGY AND BIOLOGY OF CTENOPH OR VS McKENZIEJ 
(STORR* 1981) (SQUAMATA: AGAMIDAE) 

by M. Peterson* G. m. Shea1\ G. R. Johnston^: & B. MilllrS 

Sum mar} 

PhTtKSON, M . Shpa. G. M . Johns iON, G. R. & Mil irR. B. (1994) Notes on the morphology and biology of 
Ctenvphorto mckcnziei $5l6tr, 1981) (SqUftmata: Agamidae). Trans. R Sac. S. Aunt 118(4). 237-244* November, 

1994. 

The systematic status o i Cttnophorn.s mckvnztet is reviewed, on (he basis nl additional material Irom Western 
Australia and South Australia. Habitat data for known localities, stomach contents, one record of dutch size, 
arid behavioural observations and thermal preferences of captive individuals are provided. C. mcketmei is 
morphologically very similar to C. sauulatus, differing mainly in adult size and subtle modifications of colour 
pattern. C nukenziei and C, scutula/ns are plieneLicalty most similar tu C. cris tutus. 
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Introduction 

The a gam id Amphibolurus mckenziei was described 
from two specimens (Western Australian Museum 
|WAM| R59753-.54), collected at 5 km and 8 km SW 
of Ponier Rock, Western Australia (Storr 1981). The 
species was subsequently transferred, with a number 
of other agamid species, to Clenophorus (Storr 1982). 
Additional specimens of C mckenzki have since been 
reported from Western Australia arid South Australia 
by Schwuner & Tyler (1985), McKen/ie et al. (1987). 
Anon. (1988), Wilson <&. Knowles (1988). Armstrong 
(1992) and Ehmann (1992). This additional material, 
previously uncharaclerised. considerably extends our 
knowledge of the morphology, distribution and habitat 
preferences tor this species and provided the basis for 
this paper. 

Materials and Methods 



distance) NE "Colona", 3i°31'S 132°09'E. 13.xt.l984: 
SAM R32264-65. R32268-69. 0.5 km S Mitcherie 
Rock hole, Yumburra Conservation Park. 31°27'S 
132°49'E, 17.x. 1987. SAM R32266-67, 5 krn S 
Mitcherie Rnckhole, Yumburra Conservation Park. 
31°29'S I32°50 , E. 18.x. 1987 (Fig. 1). 

Measurements taken on preserved material follow 
those used by Shea <& Peterson (1985). Log-transformed 
morphometric data were statistically analysed with 
analysis of covariance, using the SYSTAT statistical 
package (Wilkinson 1987). 

Dietary data were obtained by examining stomach 
contents of six specimens: SAM R2832, R25572. 
K26160-G2. WAM R59753. 

Four specimens were maintained alive for some time 
following collection. The lizards were housed in a 
vivarium with a heal lamp and fluorescent lighting, 
both turned on al 0630 h and off at 1930 h. 



Five specimens from Western Australia, additional 
to the types, have been collected: South Australian 
Museum (SAM) R2832, Western Australia; WAM 
R91764-65, 9 km E Kiltdvvcrima Granite Rock , 
32°04'S 124°00'E, 29.iii.l984: WAM R91842, R9I852, 
15 km E Kilidwerinia Granite Rock, 32°03\S 
I24°05'E. 5.x. 1984 Eleven specimens have been 
collected from South Australia: SAM R25572. R26162, 
12.6 km (air distance) NE “Colona" 3l°3l'S 132°09T.; 
SAM R26160-61, 16.2 km (air distance) NF "Colona", 
31°3rs I32°II'B, SAM R26890, 15.2 km (road 
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Fig. I. Distribution of C. mckcnzict. 
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corresponding to the local natural phoioperiod at that 
lime Water, mealworms and chopped fruit were 
available ad libitum However, one individual (R32266) 
became emaciated and was euthanased At 1800 h on 
If \ii 1987 (i.c . 54-55 d post capture) the remaining 
three lizards were placed in a thermal gradient 
(8 TjO°C). and allowed to acclimate. Calibrated copper 
Constantan thermocouples were placed at least 20 mm 
into the cloaca and held in position with surgical tape 
Cloaca I temperatures were electronical I v recorded 
every 10 min. for each animal from 1130 It on 
12. xn. 1987 to 1130 hon I3.xii.l987. Any temperatures 
taken while lizards were tangled in the thermocouples 
were excluded from the analysis 

Thermal data were analysed using a one-way 
ANOVA to text Tor differences in thermal preferences 
between individuals. In comparing thermal preferences* 
during sentophase and photophase, data from all 
individuals wore pooled. 

Results 

Morphology 

The South Australian sample (snout- vent length 
|SVL | 41-76 mm, x - 6T5 mm, n ^ II) is similar ut 
morphology and colouration to the Western Australian 
sample (SVL 31.5-71.5 mm. x - 58.4 mm. n = 7) 
There are minor, but sunisticnily significant deferences 
between the two (Table I) in the relationship between 
tail length (TL) and snout-vent length (slopes 
F»n - 5.477, p < 0.05; overall. IL/SVL 

2(50-252.9%, \ - 233.5 Hr. n - 11 n 206,3-236.9% 
x ^ 222.5%. n = 6 respectively) and between head 
depth i HD) and head length (HL) (slopes: 
F,, a - 9.900. p < 0.01: overall ThDHIL 57.767.9% 
x - 61.4%, n -- 11 v,v 62.0-67.5%. x = 64.0%, 
n 7 respectively), with the eastern juveniles Ituving 
a longer tail and the eastern adults a more depressed 
head It is possible that the apparent long tail on eastern 
juveniles may be an artefact due to the lack of very 
small juveniles in the sample. 

The affinities of C mckriizivi have not previously 
been adequately defined. Storr ( 1981) assumed a close 
affinity with C snaulatux (Stirling & /eit/. 1893 1 . 
but provided no argument for this. The C. outkMcud 
material now at hand dearly indicates that this species 
is very close to C xcutuiatus Head, body and limb 
proportions are similar, the arrangement of spine 
clusters, row's of enlarged scales and skin folds on the 
head, neck and body is identical, and most elements 
of (he colour pattern are shared. Both species have the 
following colouration elements (fig. 2). 

1 a pale vertebral stripe, bordered by 

2 a dark purport eh ml sfnpc. bordered laterally by 



3. a longitudinal scries of pale blotches, coalescing 
anteriorly and often posteriorly to form an irregular 
stripe from behind eye, ovei the ear and upper 
postauricular spines, to the tail base, where I be two 
stripes often fuse. This clement is bordered laterally 
by 

4 an tipper lateral /one from below the eye, through 
the ear. over the forelimb and hindlimh to the 
proximal part of the tail, hordered ventrally by 

5. a broad pale midlnierul stripe from axilla to groin, 
then along hind edge of thigh along the proximal 
part of the tail, dark margined ventrully; 

6. on nape and fore body, a series of dark transverse 
bars connecting flic dark paravertebral stripes and 
interrupting the pale vertebral stripes; 

7. narrow pale caudal rings usually present, overlying 
other elements of tail pattern; 

8 dark ventral markings in males and some females 
consisting o| at least a broad median stripe front 
chm to gular fold, broadest iust rostml to the gulai 
told. anti a rhomboidal to kite-shaped dark brc.isr 
patch, extending caudal |y a variable distance, m 
some eases to the groin. Some specimens of both 
species have additional dark ventral markings 
including streaks and spots laterally on the throat, 
and dark anterior margins m the thighs (Tig. 3) 
Storr (1981) different iaced C. nukimziei Irani C 
scuutlams by four characters: smaller size, deeper 
bead, fewer subdigital lamellae on the fourth toe and 
colouration (back blackish brown with whitish 
vertebral siripe and transverse lines rv pale brown with 
paired dark brown blotches merging on fore back 
to form erossbands). The additional material 
now available support* the size difference 
(SVL - 31.5-76.5 mm vr 31-115 mm: Ston rial. 1983) 
The smallest male C. m\ kcuziei with diluted, wax-filled 
femoral and preanal pores and turgid testex has 
SVL 48 mm (SAM R25572), while a female ofthc 
same size (SAM K26890) has well- developed ovaries 
and oviducts, One female (SAM K2K32. 
SVL - 71.6 mm) is gravid, with three oviducal eggs 
However, the remaining three characters employed are 
non-diagnrisric or require qualification 
The purportedly deeper head of C mcketuie* is not 
Apparent in our measurements (Table I), although it 
is dear from the very much lower values given by Storr 
(1981) that, he used different measurements to obtain 
a head deptlbhcad length ratio (possibly head depth 
as defined by Witten 1 1985 1) We have measured head 
depth at ihc highest point of the skull, over the parietal 
eye, and head length from tip of snout to rostral margin 
ot car As noted above, the eastern sample of adult C 
mckcnzici had a shallower head than the western 
sample A difference of similar magnitude was also 
present between the eastern sample and f ,vv ttulwus 
(slopes. P f(2H — 8.814, p < (Mil). 
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Fig. 2. Dorsolateral views of A. male C. mckenziei (15.2 km NE “Colona”, SA) and B. male C. scutulatus (Hospital Rocks, 
WA) in life (photographs M. Peterson). 
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The lower number of subdigiial lamellae in C 
mckenzm is not an absolute difference, and is 
geographically variable. Western C. tnckcnzjei had 
counts of 25*30 (x - 27.4. mode - 27, n •= 14) while 
eastern C mckruziei had 25-32 (x - 29.6, mode - 30, 
n = 18) The C sen nil at us sample we examined had 
28 41 (x = 34.9, n - 80) subdigital lamellae, only 
7.5 % fewer than 32. although Storr ci al. (1983) give 
a range of 31-44. All means are significantly different 
(pairwise t -tests; eastern uv western C. mekwizit'l . 
I jo — 3.36, p < 0.05; western C. mrkenziei vs C. 
scutulatus, t o: - 10.88, p < 0.005; eastern C, 
mckcnziei r.v C. scutulatus , t % = 8.33, p < 0.005). 

As noted above, the colour pattern is composed of 
the same elements in each species. The difference noted 
by Storr (1981) is due to paling of the dark dorsal 
markings in C. . scutulatus , particularly the centres of 
such markings, and enlargement of tile pale dorsal 
spots. The dark crossbands on the fore back of C 
scutulatus are also present in C. nukenzici, though 
narrower, less contrasting and often tewer. 

Sympatry is not yet known between C mckenrJci 
and C sn/tulants to confirm a species-level difference, 



although the two species arc known to approach to 
within 85 km of each other (WAM R91764-65 vs 
R65538, 0.5 km S Buningonia Spring, respectively) 
However, the lower number of subdigital lamellae in 
western C tucket izict\ which arc geographically closest 
10 C. scutulatus , together vvilh the much smaller adult 
size, and consistent evenly dark upper lateral zone (v\ 
usually light centred) suggest that C, nukenzici is 
specifically distinct. 

Habitat 

The two Western Australian localities listed above, 
and the two South Australian localities 12.6 km NL- 
and 162 km NE kk Colorta M are respectively sites BA2B. 
BA5, K02 and K04 of McKenzie & Robinson (1987). 
while ihc localities 0.5 km S and 5 km S Muchcrie 
Rockholc are sites MI5I and MI2J of Coplcv Sc Kempe r 
(1992). From the combination of photographs of the 
habitat and florist ie lists at each locality provided by 
McKenzie Sc Robinson (1987) and Copley Si Kemper 
(1992). specimen collection data from both museums 
and observations by the senior author, it appears that 
the primary 11 or istie components of the C mckcnziei 
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habitats are Eucalyptus oleosa Kv.M cx Miq. (gianl 
malice). Acuna osnuldli F.v.M. (umbrella wattle) and 
/L papymearpa Benth. (western myall) over a 
chenopod understorey of Atriplex vesictiriu Howard cx 
Benth. (saltbush), Maircana spp. (bluebush). Rhagodia 
spines tens R.Br. and Scleroliiem spp The chenopod 
understorey is common 10 all localities. The substrate 
type at sites BA2B, BA5, K02, K04 and ML5I is 
crusting sandy clay loam to loam (McKenzie Ik 
Robinson 1987; Copley & Kemper 1992), while the 
specimen from 15.2 km NE “Coloiuf was found under 
a bluebush on a non-crusting sandy substrate, similar 
to the substrate recorded from site MI21. 

At sites BA2B, BA5, K02. K04 and 15.2 km NE 
“Colona”. C. nnkenziei was sympatric with C pirtus 
(Peters 1866), and at the former three sites it was also 
sympatric with the agamid Tympanocryptls lineata 
Peters 1864. At site MI21. it was the only agamid 
recorded, while at site MI51, C.fhrdi (Stun* 1965) and 



Pogona minor (Slcrnlcld 1919) were also recorded. The 
latter species was also found at 15.2 km NE ‘Tolona". 



Diet 

I he dominant prey items in all specimens examined 
were ants, particularly small Iridomymte.x . although 
some larger ants ( Campanotus , Melophorus and other 
unidentified genera) were present. Other prey items 
recorded were Hcmiptcra (single individuals ol 
Poccibmetis sp. in R22835, R2832. two pentatomids 
in R2832, and a small unidentified bug in R26162), 
Coleoptera (one small curculionid prothorax and a 
large scarab larva in R2832; three unidentified elytra 
in R 25 5 72), Mecoptera (a large abdomen in R2832), 
Diptera (one small fly wing in R2832). Homopteru 
(one small wing in R25572), Orthoptera (one small 
grasshopper head in R25572 ), Hvmenoptera (one small 
bee head in R25572) and fiower parts (R2616I). 



T\UI i I Allunwlrii equations and cci/tulaled values fin tranial amt somaiit pntportians m C. mckeri/iei (trick), C- .Hcututulus 
hvew) ami C. cristatus Ur/t, Eastern and western samples of C. mckenziei are kept separate Jbr tail length and head depth, 
hat pooled elsewhere, as The equations were not significantly different . lit lacs a and h solve the equation v — hx*‘ , S.e, Is 
standard error of a, r - tor relation rorffipirnt, ul. direct ion ofsignijiClint aflomelry, C J: . C ?6 and are calculated 
percentage proportions at S\ 'L - 32. 76 and 105 mm (approximate minimum sire for all species, maximum sire ofC mekenziei 
and approximate large adult size for hath C. scutulttlus and C. eristaiUs). 
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Behaviour 

Tw'o types lit circumduction and two types ol head 
hob were seen. The circumduction types seem to 
correspond to the challenge wave and submissive wave 
described by Brattstrom < 1071 ) in Pomona httrhara 
(C liVicr 1829). The head-hobs differed in cadence and 
degree to which the head wns moved aided by 
extension of die rorelimhs In a dominant male the head 
was moved a y rearer distance below and above the 
normal piano .» ,» taster mu- than it was in .1 subordinate 
male <u I wo Icmulev 

Two captive males were observed in an agonistic 
display. Upon being placed in the enclosure for 
acclimation, they head-bobbed and circumducted 
several times before presenting to each other at a 
distance ol about 15 cun They were lacing in the Same 
direction and continued to head bob As the display 
intensified they colled their tails loosely and both did 
sc s era I hind -leg push-lips. similar to those described 
lor I lie (. ilecrcsii complex by Gibbons (1979). The 
display ended when one lizard bit the other on Ihe nape. 
They rolled violently about the cage and then 
separated 

ffrnpirulitre preferem cs 

The three C ntekenziei studied maintained body 
ir mperumtes between ll.l°C and43.4°C i\ ^ 34.7°C\ 
,7 . 3.4!) in a thermal gradient over a 24 h period 
1 table 2). There were significant differences in thermal 
preferences beLween individual lizards (p — 0.04). This 
may have been due to the low variance of R32267 with 
respect to the other two individuals Differences 
between nighttime and daytime body temperatures 
were barely significantly different (p - 0.05). 
However there was a large difference in voluntary 
Mummum body temperature during photophuso 0U°C) 
und scnii »phasc t28.7°C). This may relied greater 
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activity during the d<\y. Interestingly, the voluntary 
maximum body temperature (43. 1°C) was achieved 
during the night, indicating that some nocturnal activity 
occurred. 

Discussion 

Morphology and relationships 

The affinities of C. rnckenrici and C. simulants to 
other ttout remain uncertain. Piutikn (I97i) stated 
without providing evidence, that C . scittulatus and ( 
t risratns (Gray IS4I) were "obviously rather closely 
related’'. Moody (1980)' added the C u Well anew* 
group to the latter complex, diagnosing it on the basis 
of shape of the medial process of the preartjcular bone, 
limb length, body size, and presence of a nuchal crest 
and keeled vertebral scale lino. Storr (!4K2>. in 
resurrecting Ctciwphorus, did not place C. 
rntuheinnus, C. cri status, C Mt'kenzjtV or ( 
snt/ttlulus in any ol the species-groups within tils 
genus. Subsequently, Sion el a l (1483) placed all four 
species, together with the C. tetinthuus species* group 
ol Storr (1966) and ( tlecresii species group ol 
Houston (1478) in a single expanded C, t/aresti 
species group, noting that this was merely an 
assemblage, and associated C. nukenziet and C 
scutululus in an undiagnosed informal subgroup, linked 
by inference (Storr ef al 1983: 32) with C'. cri status 
Witten (I4S2\ 1985) placed ( . sintulatns with the ( 
tnueu/ulits group and C. cristatus with <7 catulit ft alia 
in a C. crisratus group. Both groups shared dar k ventral 
markings and posterior inlcrscalar femoral and prcanal 
pores. The (\ t ristatus group was differentiated from 
the t. tnucitlultts group by the more widely spaced 
pores, and smooth ( ws usually keeled) ventral scales. 

I he presence ot a veriebrul scale ridge and a nuchal 
ridge was considered diagnostic tor the C. ( ristatus 
group, although ihe presence of both dark ventral 
pattern and a vertebral scale ridge in C, seutululus w'us 
considered primitive within the C. t mu tt lotto group 
A vaseuJar tissue block deep to the vertebral and nuchal 
ridges, possibly functioning in crest erection, was noted 
for C. cri status and C catuJicinctus. but was nor found 
m the C mu* plants group members examined (which 
did not include C suttuluius), Crest erection was noted 
lor C 1 ristatus. hut not for C. caiului units. We have 
observed nuchal crest erection in both C t muHcuicius 
(G.M.S.) and C scuotUttus (M.R . Storr et oL 1983 
Plate 2) However, Witten (1982.) considered this 
vase 1 1 111 r tissue block to be plesiomorphie within 
Ctnmphnrus 

Body, head and limb proportions are similar m < 
cri -status* C. mcketvjei and C, scutulafus C[ able hand 
all share similar male ventral pattern, a nuchal crest, 
tin* I a vertebral line of enlarged, strongly keeled scales, 
the latter unlike members ol the C. maculatus species 
group Consequently, we believe that the h ffinities <4 




CTENOPHORUS MCKENZIE I BIOLOGY 



243 



C mckenziei and C. scuiulatus are with C. cri status, 
although it is dear that a more rigorous cladistic 
analysis ol' the phylogenetic relationships within the 
Australian agamid radiation is sorely needed. 

DU't 

The ant-dominated diet of C mckenziei is similar 
to that reported for other small Ctenophorus species 
(Pianka 1986; Baverstock 1979; Mitchell 1973). 
Although Iridomyrmex spp. were the most commonly 
eaten ants, their dominance may simply reflect 
availability rather than any selection by the lizards (EL 
Matthews, pers. comm.). 

Behaviour 

The behaviour reported here for C. mckenziei has 
been observed in other species of Australian agamids. 
The hind-leg push-up display was thought by Gibbons 
(1979) to be unique to the C. decresii complex. The 
observations presented here show that this is clearly 
not the case. Whether this behaviour is homologous 
in C. mckenziei and the C. decresii group is unclear. 

Thermal preferences 

The mean body temperature of C. mckenziei reported 
here is lower than that reported for C. scuiulatus in 
a laboratory gradient by Licht el ai (1966). It is unclear 
whether this is a real difference or an artefact of 
conditions which the animals experience during 
acclimation or while in the thermal gradient. It is 
noteworthy that Licht et ai (1966) used a thermal 
gradient in which the minimum temperature available 
was 25°C, considerably above the voluntary minimum 
body temperatures experienced by two of the three C 
mckenziei tested. 

While the observation that the voluntary maximum 
was recorded at night may at first seem unusual in an 
animal belonging to a group traditionally thought of 
as diurnal heliotherms, this is not really so. Several 
species of agamid are known to exhibit some nocturnal 
activity when thermal conditions allow (Fyfe 1981; 
Morley & Morley 1985; Bedford 1991; G.R.J., G.M.S. , 
pers. obs.). A constant source of heat in a thermal 
gradient probably presents as near optimal conditions 
for nocturnal activity of agamids as possible. However, 
the low variance exhibited by C. mckenziei at night 
(L86 vs 6.22) indicates that nocturnal activity is limited. 

Comparative material examined 

(all localities in Western Australia) 

C cristatus: WAM R41827, 2 mi SW Wahlyamoning 
Rock; R68001-04, R68023-24, 4 km SW Lake Cronin; 
R68005, R68029, Lake Cronin; R68006, 2.6 km SW 
Lake Cronin; R6 802 1-22, 5 km SW Lake Cronin; 
R70707, Frank Hann National Park; R71833, 19,5 km 
78° Toomcy Hills. 



C. scuiulatus ; SAM R1459a-j, R3024a-b, R4814a-1 
(syntypes), between Fraser Range and Queen Victoria 
Springs; WAM R1235, R1761, Laverton; R2841, Gutha; 
R5306, Wadgingarra; R8170-71, kk Yuin”; R9352. 
Malcolm; R9510, Morowa; R11236, Carnarvon; 
R12209, Shark Bay; R2I865-67, Caron; R48385-89, 
40 km N Beacon; R53551, 15 km F Point Sunday; 
R5 9605 -06, 20 km ENE "Meadow” HS; R86769, 
14 km WNW Malice Hen Rocks. 
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